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The whole crade toxins of Baeddlas anthracis although ap

parently responsible for the death of animals with antheax, bed never heen quantitiated.
Sototal of THiots ot the toxie eulture Blteate of B awthraees were pooled into one larpe
fot of erade anthras toxine. Aestensive wssay of this reference materiad was condueied
m Tour faboratories by ase of the time to desth of the intravenonsly ehallenged Fischer
SH orat as the response viriable: Dases of the snaterial were varied factorially by con

centration, dilution, and volnme

The data from this study

were sed to define u

poteney unit of the erade antheas toxins, Procedures were developed and illustrated for
the assav ol unknown lots of the toxins by comparing the rat time-to-death response to
the unknown with either G the responses reported in this study, or (i) direetly with the
rat responses toaenew sample of the reference toxins, The possibilities and limitations
of this standurdization and of the statistieal procedure through which it was developed

are disenssed,

The excellent work of Smith, Keppie, and
Stnley (19530, demonstrating  the toxins of
Dacillus anthrasis oreanism= in the blood from
suinea pigs in the termnal ~tuges of anthrax,
rekindled interest in the disease, particularly its
toxins, CFhe toxie metabolie by-products of the
crowth of B, anthracis ave compozed of compo-
nents with different biologieal or chemieal prop-
ertie=. Naturally produced combinations of these
components in apknown proportion~ will be
referred ton this paper as “toxins.™) To date,
valid comparisens of results among the several
experimenters Smith e all, 1953a, b, 1956;
smith and Gallop, 1956; Thorne, Molnar, and
Stranee, 19650; <tanley and Smith, 19615 i3eall,
Tayvlor, and Thorne, 1962; Klein et al., 1062;
eppie, Smith, and Harris-Smith, 1955; Fekert
and Donventre, 1963; Harris-Smith, Snmath, and
Keppie, 1958; Sarseant, Stanley, and Smith,
1960, Stanley, Sargeant, and Sniith, 1960) who
have reported work with the toxie materials
produced by B anthracis have been diflicult,
beesuse either whole erude toxins or the several
components have heen assaved by different
methods, in different assay animals, and with no
reference stand:os] of the toxins,

“his paper presents the results of studies to
que atitate, in terms of defined poteney units, the
letiality of anthrax toxins in Fischer 344 rats,
The muthors developed a referenee lot of stabilized
freeze-dried erude anthrax toxins. This reference
material was used in the stedy deseribed here,

and ix avzilable for other studies against which
samples of anthrax toxins of unknown coneentra-
tion can be assayed.
’
Marerians axp MetTHODS

Animals. Fischer 34 albino rats weighing 200
to 300 ¢ were obtained from the Fort Dotrick
colonies of Frank Beall and Frederiek Klein, Both
colontes are matntained through brother-sister
matings deseended from theé eolony deseribed by
Taylor, Kennedy, and  Blundell (106150 This
weight range was chosen, becavse prehminary
data indieated that the response time of rats that
weigh more than 300 g was signifieantly greater
than that of rats weighing more than 200, but less
than 300, g Further study on rats, carefully se
leeted for weight, revenled no signifieant difference
within the weight range of 200 to 300 g (Table 1),
The analysis of varianee is presented in Table 2.

Rat lethal test. Toxins of B. anthracis were in-
jeeted into the dorsal vein of the penis of the
Fiseher rat. In deseribing this test, Beall ev al.
(1962) noted a definite relationship hetween the
dose of the toxins injeeted and time - to-death.

Antiserum. Faguine hyperimmune serum (DH-
1-6C), prepared by repeated injections of spores
of the Sterne strain of B oanthraeis, was sed
(Thorne ot al., 1060).

Preparation of anthraa torine. The medivm used
was deseribed by Thorne et al. (1960), and was
made with triple-distilled water. Subsequeat to
his original deseription, Thorne (personal com-
munication) has suggested some changes. The
meditm used ta this study was as follows,

Nine stoek solntions (A, B, C, D, i, F, GG, H,
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TanLe L. Rexponse ime in winnles of 27 rats in-
Jected with 1 ml of crude anthrar torina by
weight of rof

Weight (g) of rat

ot 250 k]
m 102 100
Hrg Kl 4
W ) 88
2 : i 105
w3 . 9
- w2 . BRI § £ T (1] ——
A n .
N Hr2 2
.1} i1 8
535 ™~ 24
HANN ; 84.9 0.7

* Totals.
t Harmonie mesns,

TarLe 2. Analysix of variance of reciproval
reaponse imes recordvd in Table 1

Source i :l"u':;:i :,l‘:::' F
Between weights. .0 2 HK5 0242 . 1.50*
Within weights ...' 24 3830 0161
Total . .......... LM 43

* Degrees of freedom.
1 Not signifieant.

and 1) were prepared. All stock solutions may be
stored at 4 C for indefinite periods of time, Solu-
tion A eontained CaCl:-2H:0, 0368 g/500 m] of
water; B contained MgsO,-THA), 0.493 g/500 ml

w7 of water; € econtained MnsO,-H 0, 0.043 g/500

m] of water; 1 contained adenine sulfate, 0.105 g,

- and umeil, 0.070 g thoth slids were dissolved in

100 ml of water, and the totul volume was made

" up to 500 ml). : ~
Solution E contained thinmine HCI, 0.025 g/500

ml of water; F eontained tryptophan, 2600 g;
. eystine, 0.600 g; and glyecine, 0.750 g. The solids in

solution F were dissolved as follows. Tryptophan
was dissolved in 6 ml of 6 x HCL. Cystine was
dirsolved in 100 m) of water. Glycine was dissolved
in 150 ml of water. These three solutions were
combined, and water was added ta hring the total
volume up to 500 ml.

Solution G contained KH.PO,, 34.0 g/5300 mi
of water; H eontained K.HPO, | £3.6 2/500 m] of
water; I contained chareoal 'Norit ), 3.75 g/500
ml of water.

A 10-ml amount of cach stoek solution, exeept
that eontaining chareoal, was added to a suitable
econtainer; and 3.6 g of Casamino Acids (Difco)
were added. The volume was brought up to 1 liter
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with triple-distilled wuter, and the pH of the
medium was adjusted to 6.9 with 1 8 HeSOQ4 or
1 N NaOH as needed. A 460-ml amount of thie
preparation was dispensed into a 3-liter Fernbach
flask; 2 ml of charconl suspension were added, and
the preparation was autoclaved for 20 min at
15 pwi.

Inocnlation procedure. A 3-ml amount of 20
glucose (sterilized by filtration) was added to the
Fernbach flask containing 460 mi of sterilized basal
medium. Each flask of final medium was inoeulated
with 2 X 10% Sterne strain spores. The inseulated
flasks were ineubated statieally for 23 to 27 hre at
37 C; 4 hr after inoculation 35 ml of 9, NaHCO,
were added to each flask.

This final culture was ecentrifuged at 3.000
X g for 30 min. The supernatant fluid wa: de-
canted, and 1077 horse serum was added. The
solution was then sterilized by filtr:stion through
an ultrafine glass filter,

A preliminary test, to determine the poteney of
each of 14 toxie filtrates, was done by injeeting
1-ml samples of each filtrate intravenously into
two rats. The reaponse (death) times of the rats
were considercd B indications of the toxicity of
each bateh. The total volume per bateh and the
response times of the test rats are given in Table 3.

The 14 toxie filtrates were combined, and a
second preliminary test was eonducted on the
pooled material. The two rats used in this test
died in 104 and 117 min, with 3 mean response
time of 110.5 min. Both resapynse times are within
one standard deviation of the mean of all batches.

The ponled toxins were dispensed into 600

“drying ampoules (40 ml), each containing 10 ml of

TasLE 3. Volume per baich and response time of
rals challenged with lorina by batch

! Responise time (min)
Batch Total yol
T - ,um;mn' Mean
por} !
| 450 v y 92 | 943
2 450 107 o1 | 99.0
3 450 97 % | 9.5
4 a0 95 | —* | 98.0
5 420 122 124 | 13.0
o 150 14 125 | 119.5
7 510 116 | %0 |103.0
8 410 12 120 [ 1205
9 370 88 = 82 | 85.0
10 510 90 94 | 92,0
nm w106 ! o4 [1000
12 25 16 | 92 | 99.0
13 425 | ny o121 | 119.0
14 300 100 | 17 [108.5
Total | 6,005 ’ ’ 103.9¢

* Missed the vein.
tsp = 12.14.
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toxins. Ampoules were shell-frozea in Dry Iee and
alcohol (=79 C). ¥rozen ampoules were placed
on an Amineo Dryer (American Instrument Co.,
Silver Spring, Md.), and dried under vacuum of
10 to 30 u of mercury for 18 to 24 hr. Ampoules
were sealed under vacuum, packed in eardbeard
containers, and stored at —20 C, A third prelimi-
nary test was conducted at this peint. One ran-
domly seleeted ampoule was reconstituted with
10 ml of triple-distilled water. A 1-ml amount of
this toxic materinl was assayed in ench of five rats,
Their meah respouse time was 117.2 min. Tn
further test the toxicity, 0.2 ml of undiluted and
of serial twofold dilutions of the reconstituted
material was injected  intradermally into  the
shaven sides of a guinea pig. and observed for
edematous reaction. The material reacted at a

TaBLE 4. Response timex in minutes of 280 Fischer
rats by dose, concentration, technician, and rat

P & ¥

. I S LI R LI Y LA B t 0.s°

Conen | & | ! '
: gg‘m B A B A n_‘a’nfa;n
ax 1 i 88 35 53 54 57 57 61 60 76 71
§ 2533 61 54 52 64 63 4 63 85 T0
{357 62 56 52 8 36 64 62 78 72
460 5248 53 V123 w3 50 81 82

; ; ; i ' i oo
2X 1 57 57 61 63 &9 o1 72 D100 8
2 057 55 65 62 74 65 84 77 119 N4
.3 150 56 56 58 66 77 72 810117
D467 56 65 65 67 NB 127 8 107 83

i . : , : ; ! . |
3 55 70 69 1% 0 90 911271539

iIx 1.
S 2003 64 I8 72 82 81 61100181 19y

3 65 62 77 80 89 83 107 97 203 483
4 N ﬁ. .'45 N8 wo l"" h'tl‘il?lrz

vm TIS313 120 14 M3 18

154 83114103 138 131, 425 281
F 75 00113118 137 151 1388 244
(7404 R EHO S

RLLL
LLTL L

O I e g

, muu T3 S 381 sfmsfrs
F2UIRITEOELE NS 8 TRiwi N

L3 M2 S 300 N NN S NIN
fsns‘s{s!s;srs;s,gsis

: i . : . : f i !
0125 1 183195 8 N N N N RIS N
(2 25358 8 N N NN sINIS
3432 N N NN N R|sN
SN NN R NN, N8 NN

; : . R B I
0625 1 N N N N NINTRTH 8 N
2,8 N R N NS NUX|RIS

308 N 8. 8 N 8!s o m)sls

48 N K N N S 8 X, 8.8

* Done expressed in milliliters,
t Rat A or B.
1 N indieates survival,
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dilution of 1:32, and ean be expressed acenrding
to Thorne et al. (1)) as containing 32 toxic
units, Additional vials were reconstituted to 4X
coneentration, and tested on immunmdiffusion
pliater  against  the standard xpore  antiserum
(Thorne ot al., 1960), Three individual lines of
precipitate appeared in paralle] atrangement when

»t(-ﬂtvd with a lincar pattern. The strongest pre-

cipitate line was identificd as the protective anti-
gen (factor ) component when (-ump.:rml with a
standard (Beall et al., 1962). An undiluted sample
of the resuspended ‘material had a protective
antigen titer of 1:60 against the standard spore
antiserum.

Reference torina. These preliminary tests eon-
stituted quality control measures on the remaining
597 vials of dried toxie filtrate, As i result of these
tests, it was known that these vials contained the
known components of anthrax toxins.

Procedures. The toxing were assayved  inde-
pendently by each of four investigators. The
procedures followed by each of the four were as
similar as possible.

The  characterization of the  dose-response
relationship of the toxins in Fischer rats was based
on an asay in which the two dose factors of
amount and eoneentration of toxins were each
tested at several fevels as follows: i) five levels
of the amount of toxins designated as 3 mi, 2 ml,
L3 ml, I mb, and 0.3 ml; (ii) seven levels of the
coneentration of the toxins designated as 4, 2X
1X, 05X, 025X, 0.125X, and 0.5i25%, where 1X
ix defined as the eonevntration resulting when 1
ampoule is reconstituted to 10 ml with o diluent
of triple-distilled water. Dilutions beyond 1X
were made with distiled water plus 2, normal
horse sernm.

The 7 X 3 fuetorinl combinations of the several
levels of these two factors, plus 19 control groups,
were cach tested in two Fischer rats by each of
four investigators (Table 4). Three sets of eonteol
animals are not shown in Table J. The tirst set
included five pairs of rats? Each Pair was inocu-

ated with one of the five amounts of diluent alone
e, triple-distilled water plus 10 normal horse
“erun) to provide axstranes that their companion

animals responded to toxins as opposed to the
inorulation of the diluents, The seeond set in-
rluded seven pairs of animals. Each pair in this
xet was inoculated with 1.5 ml of one of the seven
eoneentrations of toxins mixed with 0.3 ml ('3 by
volume) of specifie antiserum (Thorne ot al.,
1:0). The seven pairs of animals in the third set
of controlx were inoenlated with 1.3 ml of one of
the seven concentrations of toxins mixed with
0.5 ml of normal horse scrum, These animals pro-
vided assurance that the econtrol no. 2 animals
that lived were saved by the antiserum speeifie
ugainst anthrax toxins.

Each investigator required 32 ampoules of
dried toxins. Each of the 32 ampoules wis opened,
and reconstituted with 2.5 ml of diluent preeooled
to 3 C. The eontents of all 32 ampotles were then
ponded, providing a totad of Sy ml of reeonstituted
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toxins at a eoneentration of $X (4 times the
original). All coneentrationg of voxing were main-
tained continnonsdy at 4. To make the next
dilution, 40 ml of the pool (3X) were eambined
with 40 ml of diluent tiriple distilled water). This
provided 80 ml of toxing at a coneentration of 2X,
Further serial twofold difutions were made to
0.0623% (Y18 X original  eoncentration)  and
inoeulated as planned.

Each investigator regnired 108 pats. These paty
were eaged in 34 eonseentively numbered eages,
each containing two animals, Each of the 34 treat-
ment combinations was given to the two animals

- in one eage at the same time. The order of the

treatments was randomized for each investigator,
Response timea-to-death, in minutes, were re-
corded for each rat and eaustituted the basie data,

Resvirs

CThe response times for animals are presented
in Table 4. Although none of the controls appears
in this table, none of either the first or seeond
groups of vontrol animals died. Some animals in
the third control group challenged with 1.5 ml
of toxins plis normal horse serum responded
nearly the same ax test animals challenged with
1.5 ml of toxinz. The mean response times, in
minutes, of these control animals by concentra-
tion of toxins are recorded in Table 3. The pattern
of responses by the controls provided the needed
assurance that the response of the test animals
was specifically to the toxins of B, anthracia.

In spite of carefully eontrolled procedures and
techniques, the results from one laboratory
(technician 4) were so erratic that they were
disreganded in any further analyvsis. Inspection
of these data showed that technician 4 was the
only one having 1eversal of results; ie., a greater

~amount of toxins not killing and lesser amounts

killing, or only one of the two test animals re-
sponding (exeept at doses eliciting a response
above 300 min). These extremely variable results

‘TaBLE 5. Mcan rexponxe time by dose and
concentrations of torins

. i Dose (ml) ‘ I

n%‘!':::‘n : —— ! Mean Control®
;4]:51,3%: ns |

$X  57.5 515 50.0 62.3 5.0 607! 60.0

I 53.2 0.7 664 75.2105.1 6.0 70.0

11X 61.3 74.1 85.1 88.0198.7 8.3 1H.0

0.5X 74.4 1214;{1:;«;.3217.0 Nt 1513 1540

Mean #1.3 70.3 8.3 89.1133.5 91.3

* Control was 1.5 ml of toxins plus normal horse
serum.
t All animals survived,
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TanrLe 6. Analysis of rarinuce of reeiprocal
rexponxe limes

R , . !

ot B ar femel Seel g
11 Dose (1) £11.02722,0818 20 37
2 ' Coneentration (C) 3 16,.5629'5. 5210 424 .69+
3 - Technician ('I) 2 D530.0772  5.048
$ibxC 12 1.Tu840.1409 31,534
slbxT CO8 LHN0.0186 143
HlOxXT Co6 O FINON.0IYT 152
T bhxexTy C24 0645200080 2.07
8 ' Error 60 0.78140.01:30
9 Total ‘ll'.):r.’.l:m)" ]

* Error line 8 was used to test all effeets,
t Approximate probabilities <0.001.
$ Approximnte prohabilities <0.05.

indicated that adequate eontrol on technique
and environment were not maintained in this
laboratory,

The reciprocals of the response times were
usedd for analysis, because reciprocal response
times are nerrly normally distributed with equal
varianees, whereas the untransformed response
times are positively skewed with unequal vari-
anees (Finney, 1952), The analysix of variance on
the reeiproeal response times of 120 rats from the
four highest concentrations and the five doses is
shown in Table 8. From this analyvsiz it was seen
that both dose level and eoncentration had
statistienlly significant effects on the response
time of Fischer rats injected intravenously with
anthrax toxins.

The analysis further showed an interaction
between dose and concentration to be statisti-
cally significant. The mean response times by dose
and concentration of toxins are given'in Table 3.
From the tabled means, it ean be seen that the
magnitude of this interaction is slight and had
no practical significance in the further analysis
and interpretation of these data.

The analysis also showed a statistically ~ignifi-
cant difference among technicians, Inspection of
the data showed that mean response times for all
rats responding for technicians 1, 2, and 3 were,
respectively, 78, 83, and 83 min. This is a prac-
tically unimportant difference which we believe
may in part be due to environmental factors,
beeause genetie differences would be almost nil
after 100 generations of inbreeding. The rats
used by technieian 1 came from the Beall colony,
which was maintained in a different environment
than the Klein colony animals used by the other
two technicians, "Fhis rmised the question as to
the effect on this assay of Fischer rats procured
from non-Detrick sources, To examine this effect,
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TABLE 7. Response times in minntes by :mppher,
operalors, and rals

'. ‘B(;:?J.:;n;cﬂ", |y i::{:m:':e'cal
Rat e *
B z| l
1 & L ost | oo | 85
] 88 | 84 1 84 ¢ s
.3 86 8 0 80
1 83 82 | 88 85
e 01 - 84 -1 89T 02
6 87 8 | 88 84
7 94 88 | w | 10
8 88 83 | 92 87
9 87 83 1 96 | 102
10 91 8 | 77 | 87
nH - 105 83 @ 8 93
12 .94 8 | 9
1 02 70 I 90 10,
14 %0 81 91 88
15 . 98 81 | 01 83
I o1 | 8 | 77 1 W
17 82 1 83 o7 89
18 . %0 87| 8 88
19 83 | & | 8 | 75
20 88 83 | W 86
Harmeonie S 80.28 1 84, 10 88.50 | 88.42
mean ' i : i :
response t !
time

* Operator number.

.

- commereially available Fiseher rats obtained from

two breeders were tested and found to be suitable
for thix assay. In thix study, 20 Fischer 344 rats
from exch of two suppliers (Microbiologieal
Associates, Ine., Bethesda, Mil; and Charles

reportedd in Table 7. No statistically significant
difference in times of response for c.nimul:x from
the two suppliers was observed. .\ difference

between the two operators and the interaction of

operator X supplier was statistically significant
at the 57; level. The mean response time of three
of the fnm' groups differed by less than 1 min,
and the fourth group differed by approximately
5 min. This difference of about 5 min between
these two groups coulid be cansed by o difference
of about seven units of toxins, which is well
within the 957 confidenee limits of an estimated
poteney, Thus, this difference, although statisti-
eally -iLnihmm was considered of no consequence
coneerning this assay.

A test to determine the storage charaeteristies
of the reference toxins was conducted on a vial

KLEIN,

- constant.

_Table 8
. eentration combinations are the same: thus, the

AND LINCOLN

J. BactErion,

of the toxins which had been stored for 36 months,

 The test vial was reconstituted with 10 ml of
Six rats were then chal-

triple-distilled water,
lenged with these reconistitutes! toxins, u-cnrdmg

: to the pmtm-nl deseribed in this paper.

~ The estimate of potency from that test was 32, 4

potvnvy units per ml at the 1x votieentration,

This was essentially identical to the 32 units per
ml set up in the definition. Therefore, it was

concluded that the reference toxins had not

changed with respeet to poteney shiring 36 months
of storage.

I)mlo;nm nt of prmulun,» for direct assay
method. .\ poteney assay should be based on dose
expressed in terms of well-defined unit<. No such
units have as yet been defined for anthrax toxins,
Varying the amount of toxins by varving either
dnse or econcentration would have a <ignificunt
effert on the response time of rats: however, rats
injected with 1 il of toxins concentrated to 2X
responded in about the ~ae tine 75 min) as
rats injeeted with 2 ml of toxins concentrated at
1X (v4 min), This re l.mmhhlp holds true for
most other dose-by-concentration eombinations
for which the product of thise two factors i< a
If doses aie eonverted into 0.5-m)
units, and coneentrations into 0.0623 units, then

~the doses and coneentrations in Table 4 can be

expressed a< shown in Table 8
The produets of the marginal numbers in
for any two equivalent dose-hy-von.

produ('t of two dose units and 32 concentration
units gives 64 total poteney unit< of toxins,
Similarly, four dose units of 16 concentration
units alo contain 64 total poteney unit~ of toxine,

We define the poteney unit of anthrax toxins to

. . ! . -be expressed as these produets of dose hy con-
— River Breeding Luaboratories, -Ine.,: Brookline, - - ! !

“Mass.) were challenged in each of two labora-
~ tories. The respnse times of all 80 rats are

centration of this particular It of toxins,”

If we were to carry the definition of a poteney
“unit no further, then 1 ml of 1X voncentration

of any anthrax toxins, regandless of ‘its actual
Pﬁ'vct m nmmak \wulcl h'\w 32 poteney umh

TABLE 8 I)wlmhun of polency units of
anthros lorins

. L Duse of toxins in 0.5 m! units
“Conen of toxins in
0.0628-fold unity

O
it 12 2% w2 1.’3 [}
32 z.m, 12 ™ 64
16 128, 64 R 3-.’; 118

8 682 20 16 8
4 m %o 8y
2 w8 % 4. 2
1 sl 4 3 2
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To-standardize a poteney unit, it is necessarey (o -

deseribe the association between the dose, in
units, awnd the poteney, in terms of a hiological
response to this particular lot of anthrax toxins.

“The poteney of any other lot of toxins may then

be measured by comparing the response to a
known amount of the test toxins with the response
to the same amount of the reference toxins.

These response charaeteristies were deseribed
as the dose-response relationship when measured
doses of these toxiins were injeeted intravenously
into Fischer 344 rats. The challenged rats re-
sponded by dying at a time that is shown here to
be highly ll(‘]l‘ll(li‘llt on the dose measured in
pntvm-\' nnits of these toxins.

The: regression of mean reciprocal response

times on the logs of the poteney units of anthrax
toxins ix shown in Fig. 1. The least squares line
has the equation: :

Y = by +inX + 0:X? 1

where ) is the mean reciproeal response time, X
is the poteney of anthrax toxins in logs units, and
the b values are regression coefficients computed
from the data of this test. The values of the
coeflicients, their variances and  covariances,

care: he = =2.001; by = 0.939; b = —0.051:

V(he) = 0.077121; V(ly) = 0.000514; V(b)) =

0.000068: V(hoh) = —0.026902; V(bohs) = -

0.002238; V(bhb:) = -0 000800, This l‘(‘gl'lNalf)n
line represents a hasis upon which comparisons
of poteney of anthrax toxins ean be made. Thus,
test toxins ean be assayed cither indirectly against
this curve, or dnwtl\' with pur-nllcl as=ays of the
referenee toxins,

Development of provedures for indirect assay
method. To use the résponses of 120 rats to the
reference toxins [for which the slope of response
from the regression data (Fig. 1) has l)(-en ral-
culated], we recommend use of the indirect
nicthod for standardizing unknown potencies of
anthrax toxins, The regression was nearly lincar
for doses from 16 to 128 units, mrrcﬁponding to
response times from 240 to 63 min. Thus, al-
though the concentration of test or unknown
toxins is arhitrary, it should be of such concentra-

tion that 1 ml, injeeted intravenously, will kill a
Fiseher rat in not lexs than 65 min, nor more than
240 min.

To test the poteney of test or nnknmvn toxins,
enongh animalx should be used so that the amount
of variation in the final result, that can be at-
tributed to the test rats, i at Jeast no greater than
the amount of variation contributed by . the
standard rats. Thus, at least six Fischer rats of
200 to 300 g from a suitable colony should be

STANDARDIZATION 79

RESPONSE
TIME

RECP. -~ MIN.
201 50.3

1.8F 859
1.6F 62.5
14}t 7.4
1.2 F 633
1.0 (00.0
.81 123.0

.6 1887

4} 250

.2 500

0 2 4 8 16 32 e4 128 208 512 1024
POTENCY UNITS

F1e. 1. itegression of reciprocal response time of
Fischer rats on log dose of anthrar toxing expressed
in polency uniix.

intravenously inoculated, three with 2 ml of the
test toxins, and three with 1 ml.

The test is based on the mean: reciprocal
response times of the rats. (The rat responsc is
very uniform; thus, any observed nonresponse
must be considered the result of technique at some
stage of the assay procedure.) This is simply the
sum of reciprocal times-to-death of the rats in
minutes (100/t) with the average time ¢aleulated.
The reciprocal response times of the rats can be
put in the following form: :

Rcférence Toxins

Y = 100/t
1ml 2ml
1. — . 4.
Rat2. . 5. — .
K S G —
=y =S
= Ry R: —
I\’| + I{z =
Test Toxins
Y = 100/t
1 ml 2ml
1. . 4.
Rat2 . 5 — .
3o 06—
b} S - A
Y=Ty oo To
"+ T.=

where Ry, Rs, T, and T2 are mean reciprocal
response times. This form for calculation can be
used for either the direet or indireet assay method.
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" variation between
.single estimates of the potencey of any particular
. sample of an unknown toxin should be hounded
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The estimate of tiie difference in poteney (D)

between the test toxins and the reference can be
found as: S

e

m+m—m+m ,

wher¢ the letters T and K represent the mean
reciprocal response times from the table above,
and L is the average slope of the reference dose-
response curve at the two dose levels used in the

~-—test. This average slopé may be caleulated as: ————

L=b +5:(X +X2) &)
where X and X are the dose level: of the refer-
ence toxins (in log: poteney units) that were used
in the test, and b; and b, are the estimates of the

regression coeffivients from equation 1. When the-

test is run using I- and 2-ml doses of toxins, then
X: = 5and X; = 6. Under these conditions By =

© 092, R. = 1.34 from equation 1, and I, = 0.3985

from equation 3, so that equatmn 2 becomes:

(T: -+ Tz) - 2"6 :

0.79 70 “)

D=

' nhcm the letter D represents the amount of
_difference between the test and reference toxins in

terms of log, potency units, If D is positive,
then the test toxins are more potent than the

" reference, whereas, if D is negative, the test toxins

are less potent than the reference. The reference
toxins have a potency of 3 log: units per ml at a

. eoncentration of 1X; thus, the poteney (F) of

the test toxins in logs units at the cone ontratlon
teqted willhe fmmd as: :

,I,’-a+D
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CVR) = VE) + (Y

)
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between the test and the reference. The variance
of the estimate D will depend on the variances of
tho observed response times and of the regression.
If we express D as N /G where

K,A-m+m R+k) ©
and | |
(. - 2L
then the \.mam-o of D ean be expressed as: )
YDy - v+ vy

412

which will apply, because N and €7 are estimated
from independent olservations (Finney, 1952).
The four mean reciprocal response times are
stochastieally independent; thus, the estimate of
V' (:V) can be expressed as:

‘l'(‘\") = V(R) 4+ V(R) + V(T) + V(Ty) 8
where V(7T0) and V(T») are obtained dn-wul.\,

from the data of the test, and V(R)) and V(R.)
are caleulated from the regression line as:

- X2 ve)

+ (X2 - X2 V) (9)
The variance of G is given by the eguation:

‘((') =4V (bl) + (\'t + X2V (he)

: +(Xh + X)V3b)1 (10)

\\ hvn the test is run using 1- .md 2.-ml doses
of toxins, then X; = 5and X3 = 6: Under these®
mmhtmn:' o

I(R,) - 001'34 l(R») = 0.0018 )

~ To find the number of mtcn«-y nnits per ml of
the test toxins, its potency needs to be converted
units to lm:m units, The mn\'ersion
formula sz ' R .
l(’l!m P = log. P Togie 2 -

The value of P in units is found by looking up the

. antilog of this product. This value will he the

number of potency units per milliliter of the
test toxins at the concentration tested, .

Estimation of variance. There is variation in-
herent in thix assay system in addition to the
samples of toxins, Thus, the

by confident limits. To determine these limits it is
necessary to caleulate the variance ( l') of the
estnn.m' D of the log, of the difference in poteney

and - we
'_\'(r;)é"fé 0035 o
mthut C :

(D) !‘(\)+00‘3551)’! {1

0 ("b2

and: IR
l(\) - omru +00mx
O+ V(T + 1(1&) (12)

Lrample. \ \xmplo of toxins of unknown po-
teney was tested in this laboratory, It was known
to kill Fischer rats in ~lu.,htl\ more than 90 min
when injected intravenously in doses of 1 mlat a
concentration of 1X. The response of the un-
known toxins was eompared with the response
curve deseribed by equation 1. Fach of three
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Fiseher rate was injected with 1ol of the test
toxins, and their reciproeal pesponse tinmes in
mimite~ were recorded (Figo 2), Three other
Fischer it were vach injerted intravenonsdy with
T 2b of the test tonins, Their reciprocal response
times were alo weeorded (Fieo 2)0 Frone the <
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X reciprocal pesponse tinwes, values of T and
T were ealenlatend. Correspoteling values of L
awd Be were obtined from the pearessien line by

. substituting, respeetively, the values 5 nd 6 for

Noin equation 1 The value of L was ealeulated
from eequation 3 by use of the values 5 and 6 for

Reference Toxmn Test Toxin
Y=100/¢ Y=z 100/t
i ml, 2 mi, I ml. 2 ml
—_ p__1.39 _1.67 by = -2.5912
Ra! { 2 Rat { 2 1.25 1.56 b. 2 .9592
3 3 1.15 1.59 bg :t - .0%10
Ty Ty _3.79 _ 4.8
§em_092___ 1.3  y=7.2:26 _ 161 v(py): .07712089
R+ R,2 2.26 T+ T, 2.87 vib )= .00981353
2’ vy’ T v*a.8171  7.7506 V(b,): .00006804
. 8 .0011
VIR) Q13 _ 0018 v(T) 0% Vibb)= -.060800
L b. 3 bz(x!o xz) .
- = 121
%, 5 %z 6 (;.4 uzl- 11 (1'0 xz) —_—et
b, = 0.9592 )
. - R
)z(xo az‘- 0.5607 ) lT"' Tz) (R'* 2 2.87 - 2.26 . 0.78
L -.0:3985 D: ™ 53570
1 2 »
2._;.2:121.0___ g D= 0.6084
4L 2 0.6352 Loqu‘-' 5+ D=9

Log Pz 030ix §
10 |

in <176 P=[ s5.0 usml

e 2 0.0355
VIG)z 4 V(b)) & (5, x5)" Viby) e (x,# x) VIBby)} =
‘ 0.0211
VIN)= VIR, )$ VIR,)+ V(T )+ V(T,) :
0.0672
vior: L fvm + 0% vier} z '
aL .
SE (D) = 0.26
1.30
UL(D)2: e Log  UL(P)z —1.%0 uLp)z 124
38.0
.L(py: 026 Log,, LL(P)= 1.8 LL(P)=
Fure. 2. Caleulation form for poteney of anthrag eeins,
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Xi1and Xa. The values 5 and 6 were used in these
two cases, because they are the log, of the number
of units in 1 and 2 ml of the reference toxins,

The value of D wax ealeulated by substituting
the prcviouslv caleulated valuesof Ry, Ry, Th, T,

- and L in equation 2. This vaue of D was found
" to be 0.78. This indicates that the test toxins were

0.78 log; unit more potent than the reference.
A 1-ml amount of the reference toxins contains §
logs units, so the test toxins must contain 5.78
loga units. Thus, the test toxins have 55.0 potency
units per ml at the concentration tostod (578 X
301 = 1.73978 logy,e units),

The formulas for caleulating the variance of
the estimate D of the log: of the difference in
potency hetween the test and the reference are
deseribed above as equations 6 through 10. These
calculations were made in this example, and it
was found that s (D) = 0.26. Using normal
theory, the 95 confidence limits of D beecome
ULD) = 1.30, and LL(D) = 0.26. From these

“the 95¢; confidence limits of P were caleulated as
lL(P) = 79.4 units per nl, an(l I,L(P) - 380 '

units per ml.

Discussion

Anthrax toxins are composed of at least three
factors, I, I1, and 11I, by the classification of
Stanley and Smith (1961, 1963) or, respectively,
edema factor, protective antigen, and lethal
factor according to Beall et al. (1962). Both in
vitro-produced toxins, as used in this report,
and in vivo toxins, as reported by Klein et al.
(1963), may he quantitated accurately. The
procedure further provides an effective reference
for quantitating natural resistance or relative
immunity as deseribed by Klein et al. (1963),
because the alxolute doxe of toxins required to

_ elicit a given response will bear a definite relation-
ship to host resistance or suseeptibility.

The biological activities of these ecompounds are
numerous, and it is likely that some responses
are still to be discovered. The problem of evaluat-
ing aetivity and mode of action of compounds
which have a synergistic biological action is more
difficult than for “single compounds.”” Quantita-

tion, therefore, ix important to allow the work of

various investigators to be related more exactly
to each other. The Fischer 344 rats are eom-
mercially available, and reference anthrax toxins
will be provided for responsible investigators who
desire to vork with this material for use in es-
tablizhing units. The methods used in this stand-
ardization of these toxins may be appropriate to
the standardization of other biologically active
toxins.
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